insufficiently aware of the complex interaction between organic and psychosocial factors.
Many more deaf could benefit from treatment and help. Otological examination and treatment are of prime importance as are audiological examination and the provision of auditory aids. Speech therapy and lipreading not only can alleviate the communication difficulties but are often psychotherapeutic especially if the subject is able to meet others with a similar disability. Clubs and other institutions catering for the deaf play a major role in this sphere.
Of fundamental importance is the attitude of the deaf person himself. It is obvious that he must accept his disability, for an objective attitude is the only basis on which to make a satisfactory readjustment. To this end case counselling should always be available for the individual and for his family.
Communication, the basic principle of psychological counselling, is disturbed when dealing with deaf people and case work is necessarily time-consuming. It should be undertaken by personnel trained in social case work and with a broad knowledge of the disability. Unfortunately there is in this country something of a dichotomy between those institutions which cater primarily for the prelingually profoundly deaf, and those which cater for the partially hearing and the adventitiously deaf. It would appear that some welfare officers for the deaf concern themselves primarily if not exclusively with the deaf and dumb while the adventitiously deaf receive little help from this source. Indeed, some welfare officers would go so far as to state that the latter do not fall within their province. There is little doubt that many would derive great benefit from the expertise of trained social case workers with specialized knowledge. Despite the existing acute shortage of welfare officers for the deaf much more emphasis needs to be directed to the needs of the adventitiously deaf in the future training of these workers.
Finally, psychiatric help as well may be indicated in some cases. Such help may be needed especially in cases of acute onset where depressive reactions may be severe and suicide a danger. Severe depression is, of course, not confined to cases of acute onset but occurs also in progressive deafness, and although insight into the factors underlying the depression will not necessarily cure, it will often better enable the deaf person to cope.
Psychiatric assessment suffers from the same difficulties as social case work in that communica-tion problems may lead to embarrassment, lack of proper rapport and even rejection. It is important to remember also that while deafness frequently produces abnormal emotional states, psychiatric illness of other etiology can occur coincidentally with deafness. The depression of manic depressive illness can occur in a setting of deafness, and ideas of reference can be symptomatic of schizophrenia rather than the sensory deprivation. Failure to recognize the true nature of these illnesses may have far-reaching consequences.
In recent years there has been an increasing awareness of the need for specialized psychiatric services for the deaf. Although this has been stressed particularly in relation to the prelingually profoundly deaf there is a similar need, if not for specialized psychiatric services, for at least a greater awareness amongst psychiatric personnel of the profound implications of adventitious deafness. Such awareness can, however, achieve little in isolation. It must be linked with a similar awareness in other disciplines and in the public at large.
Dr J J Knight (Institute ofLaryngology and Otology, London)
The Place ofElectronic Amplification After the otologist has dealt with any part of a hearing disorder amenable to surgery, electronic amplification by a hearing aid is generally the chief means of alleviation of hearing loss. First a brief description will be given of the physical principles involved and of the factors which determine the performance of hearing aids.
In Britain, research on hearing aids has been conducted principally by a few small groups and outside these many misconceptions exist. Hearing aids are often given little attention in otological textbooks and in some instances the information is inaccurate. Scientific information on the limitations of types of hearing aids in particular patients is difficult to obtain because of the subjective nature of the response involved, and the spread of this knowledge is hampered by lack of courses in audiology in our medical schools, at which instruction in hearing-aid principles should be given.
The account which follows of electronic amplification in the management of severe deafness is based on experience with the 50,000 patients fitted with hearing aids in the past twenty-one years at the Hearing Aid Distribution Centre of the Royal National Throat, Nose and Ear Hospital, London.
Characteristics ofHearing Aids Basically hearing aids are sound amplifiers and one of their most important characteristics is the amount by which the output sound exceeds the input sound. The ratio of output to input is expressed in decibels and is known as the acoustic gain (or amplification). Commonly, to avoid feedback, acoustic gain is limited to approximately 55 dB in the middle range of frequencies by the effectiveness of the seal of the earphone to the ear, yet aids are advertised with gains exceeding 80 dB. Another important characteristic is the frequency response, which is a curve showing the variation of acoustic gain with frequency of the input sound. To alleviate the more common types of hearing impairment, a hearing aid is required to provide amplification of frequencies from approximately 300 Hz to 3,000 or 4,000 Hz.
As with all forms of electro-acoustic apparatus, the sound input cannot be increased indefinitely without reaching a stage where a valve, transistor or battery is unable to deliver any more power, or where the diaphragm of the earphone cannot move further without touching the magnet. Overloading then occurs and a saturation or maximum sound output is obtained from the earphone. However much louder the input sound might be, the output sound is limited to this maximum. Commonly the maximum sound output is deliberately limited to about 120 dB sound pressure level (SPL), although hearing aids are available which are said to give 146 dB SPL. Overloading in this way produces harmonic distortion of the sound output and the wave-form then differs from that of the sound input.
Another form of distortion is transient distortion which occurs in hearing aids if sharp resonant peaks are present in the frequency response. This form of distortion prevents faithful reproduction of sudden changes in sounds and speech. A certain amount of unavoidable internal noise is present in all amplifying devices and a measurement of this noise level is another important characteristic. With body-worn aids the noise is of course increased by the instrument case rubbing on the clothes, and steps are taken to keep this to a minimum. The recommended methods for measuring these characteristics of a hearing aid on a form of artificial ear are detailed in British Standard 3171 (British Standards Institution 1968).
Air-conduction Hearing Aids
A series of intelligibility tests with potential users of hearing aids listening to high-quality amplifying equipment set to different frequency responses enabled the Medical Research Council in 1947 to specify the requirements (in terms described above) for a hearing aid for general use. The results received substantial confirmation at that time from Davis et al. (1947) working independently in the USA. It was shown that any suggestion of extra boost of high frequencies in a hearing aid was unacceptable to the patient with a high-tone loss and that the spectacle analogy was inappropriate to the hearing aid. In recent years this early work has been repeated by the MRC with a larger range of subjects and has resulted in a satisfactory validation of the original concepts. A frequency response increasing uniformly with frequency at approximately 7 dB/octave has been shown to give optimum results with three typical groups of patients with degrees of conductive and sensorineural impairments and widely different audiograms (Knight 1967).
Bone-conduction Hearing Aids
We described previously the requirement by about 1 % of those needing hearing aids of an instrument of bone-conduction type (Littler et al. 1952) . While the majority of deaf patients benefit more by air conduction aids, in very advanced conductive deafness, once the hearing level for the middle frequencies exceeds an average value of 80 dB (ISO), and provided an air-bone gap of approximately 50 dB exists, better hearing is obtained with a bone conductor. The main disadvantage is, of course, the necessity to wear a headband, and the pressure required on the transducer to transmit the sound efficiently is invariably troublesome at first. Two hundred patients of this type were investigated at the Wernher Research Unit on Deafness in 1951 and many have been reviewed in recent years. For them, the Medresco boneconduction aid is still their only nleans of communication.
Use ofHearing Aids by the Elderly
Since the inception of the National Health Service in 1948, the proportion of elderly patients requiring hearing aids has steadily risen. For example, it is estimated that in those aged 60 years or more the number has increased from 40°% (Whetnall 1949 ) to 67% (Gray & Parr 1956) , and to 75% (Bicknell & Davies 1968) when approxi-mately one million patients in Britain had been issued with Medresco aids of all types. Sensorineural hearing losses predominate in this age range and presbyacusis is the most frequent diagnosis. It is well recognized that these elderly patients have greater difficulties in using electronic amplification than those suffering from purely conductive impairments but, as Miss Whetnall reported in 1949, great benefit is derived from (air-conduction) hearing aids by most of them. She found that most were helped more by an electronic aid than by a speaking tube. This holds true today, although a very small number of senile patients find that a mechanical aid of some kind is more convenient and gives enough amplification to be an advantage. The majority of those who use electronic aids derive satisfaction from any good quality hearing aid with the frequency response and other characteristics as described. The same applies also to patients having moderately severe conductive losses that are not amenable to surgery or where the patient has chosen to avoid surgery. Jerger et al. (1966) and Olsen & Tillman (1968) have confirned these findings recently in the USA.
The various combinations in the range of Medresco aids give satisfaction to these patients with few exceptions, but lately it has become apparent that many have bought a post-aural aid as well, principally for reasons of improved 'social acceptability'. Practically all find that they hear better with a body-worn Medresco and only wear the post-aural aid for its greater convenience. However, one advantage of the head-worn aids is their freedom from the noise from clothes rub.
There is now no difficulty in making batteries and electronic amplifiers very small for postaural aids, and the frequency response of the amplifier itself can be designed to make good some of the deficiencies of miniature microphones and earphones. But in the construction of acoustical apparatus the wavelength of sound to be handled often determines the size, and it is extremely difficult to produce small yet sensitive microphones and earphones with a smooth frequency response throughout the required band. Other difficulties concern achieving high sound outputs with as little distortion from the miniature earphones as from the larger earphones used with body-worn aids and maintaining high acoustic gain without undesirable feedback from earphone to microphone. Such problems are accentuated, of course, with the even smaller intra-aural hearing aids, and the frequency response and usable gain are restricted to a greater extent.
In the course of a recent BBC talk ('The World of Silence', Radio 4, 19 December 1968) a surgeon specializing in hearing asserted that forms of I hearing trumpet are better for elderly patients than electronic aids, and that acoustical engineers find it difficult with electronic aids to amplify differentially the higher tones of the hearing range. Both of these statements are incorrect. Of the Medresco aids it was said that there is to be a very considerable improvement following present electronic developments, and that in the future they will become really effective. In fact, apart from tremendous advances in miniaturization of amplifiers, for many years there have been virtually no advances in electronic techniques used for hearing aids that have led to improved performance in the sense of improved intelligibility of speech. The better hearing aids of twenty years ago were very effective, as are the better ones of today, but there is little possibility in the near future of a greater effectiveness for the majority of users of hearing aids. In time they will undoubtedly be made in smaller form, yet their performance will not necessarily improve.
Rehabilitation
Local surveys into the use of Medresco hearing aids by Kodicek & Garrad (1955) , Rice (1966 ), Grier (1968 and Bicknell & Davies (1968) have estimated that between 10% and 17% supplied to patients are not used. Experience indicates that a comparable wastage applies to aids that have been purchased. A proportion of these unused instruments no doubt have been discarded because they no longer perform at full efficiency, but there are reasons to believe that another major factor is associated with the poor facilities that exist for auditory rehabilitation. With severely deaf patients it is not sufficient to allow a single interview for fitting a hearing aid, because of the detailed explanation and demonstrations entailed; it is necessary to have all the patients seen at least once more at a follow-up clinic after a few weeks to smooth out any difficulties which may have arisen. Complete rehabilitation facilities, including speech-reading instruction, are needed, particularly for the presbyacutic patients. Frequently these facilities are lacking in hearing-aid distribution centres because of a shortage of trained audiology technicians.
Special Requirements
Part of an investigation into hearing-aid requirements conducted at the Institute of Laryngology and Otology has been a study over the past four years of profoundly deaf patients who obtain inadequate help from the current range of Medresco aids. It appears that the requirement for an aid with markedly different performance from those already available is comparatively small. Those patients with any response to puretone audiometry, who might derive some advan-tage from amplification, number fewer than 150 and represent a fraction of 1 % of the present hearing-aid users attending the associated hospital's distribution centre. Nearly all are over 60 years old and more than half have a conductive component in the hearing loss. Many of the remainder with sensorineural losses respond to only a few frequencies at hearing levels in excess of 90 or even 100 dB (ISO). No hearing aid -am ever be expected to do more than create an awareness of sound in these cases with profound sensorineural loss. Many elderly patients with conductive losses have comparable audiograms with those who at a younger age (when the insert aids were less powerful) changed to boneconduction types. It appears that, having managed with the more powerful Modrsco airconduction aids available in the last few years, it has become difficult for them to adapt to boneconduction aids at a later stage in life. Methods involving transposition of frequency during amplification are being investigated with profoundly deaf children by Pimonow (1963) and by Johanson (1966), but they are inappropriate for these older patients with defective hearing for all frequ,encies.
The group of profoundly deaf patients, for the most part, have progressed from the normal airconduction aid (type OL56) with the more sensitive earphone (type OL675) to the more powerful type OL58 with push-pull output and an insert earphone, to the type OL63 aid introduced lat year. This latest aid can be used with three different earphones and a choice of 'normal' tone, lowtone boost or low-tone cut in the amplifier gives nime combinations of frequency response. Our experience is that the provision of additional lowtone cut is of no special advantage here. Optimum results are achieved in these cases with the 'normal' or low-tone boost settings and the type OL375 earphone that givQs approximately 132 dB SPL maximum output. This combination has generally been of slight extra assistance, as would be expected, to those with a conductive component, but the aid has little advantage for the purely sensorineural cases. Frequency response appears to be less critical than maximum output for those with profound conductive losses.
Conclusion
In conclusion, it is true to say that for more than twenty years electronic amplification has been of widespread value to practically a}l those afflicted with severe deafness However, for the aged particularly, the full benefits of a hearing aid are rarely achieved when the aid is firt obtained, but only after a period of adjustment during which skilled advice and rehabilitation by trained personnel are given. Qualified personnel are in short supply at all levels concerned with the distribution of hearing aids, and it is regrettable that adequate courses to instruct otologists and scientists in the selection and use of hearing aids are almost non-existent in British medical schools today. It is but part of a present lack, of training facilities in the entire field of audiology.
